Background: Metabolic syndrome predisposes to left ventricular dysfunction and heart failure, early detection of associated subclinical cardiac changes has important diagnostic and prognostic values. 2D strain and strain rate allow detection of subtle abnormalities of global and regional left ventricular systolic and diastolic functions. Objectives: To detect early diastolic dysfunction in the left ventricle in patients with metabolic syndrome by 2D speckle tracking echocardiography based on global longitudinal isovolumic relaxation strain rate. Subjects and Methods: This prospective study included a total of 100 subjects divided in to 75 metabolic syndrome (MS) patients referred to Al-Azhar university hospital outpatient clinic for evaluation and treatment of hypertension and/or diabetes mellitus and 25 age and sex matched healthy volunteers as a control group. All subjects underwent conventional echocardiographic examination and assessment of diastolic dysfunction by speckle tracking. Results: There were no statistically significant differences between MS and controls in all traditional parameters of LV systolic function. On the other hand, significant differences were observed between MS and the control group in most of the parameters of GLS and SR IVR. Conclusion: Impairment of diastolic function detected by speckle tracking based on global longitudinal isovolumic relaxation strain rate in metabolic syndrome patients.
INTRODUCTION
Metabolic syndrome (MS) is a condition characterized by the accumulation of multiple risk factors (insulin resistance, hyperglycemia, dyslipidemia, hypertension, visceral obesity) for cardiovascular disease in an individual with a background of obesity and/or lack of exercise (1) .
Even more with the change of the modern lifestyle and diet structure, incidence of MS increased year by year, it is greatly endangering people's health. However, it is not known whether MS is also associated with abnormal cardiac function. If MS indicates persons who have already developed abnormal left ventricular (LV) function, early recognition of MS would be important (2) .
Left ventricle diastole occurs in order for the left ventricle (LV) to fill adequately with enough blood, at a low enough pressure, to prevent pulmonary congestion from occurring. This process is referred to as, diastolic function (3) . Metabolic syndrome is common and it is associated with increased cardiovascular morbidity and mortality as well as with increased risk of heart failure through multiple complex metabolic reactions most prominent among which are altered insulin signaling, glycotoxcity, lipotoxicty, increase cytokine activity and intramyocyte and/or interstitial deposition of triacylglycerol plus effect of endothelial dysfunction (4) (Figure1) . A 2D strain echocardiographic method has been introduced that measures myocardial deformation by tracking localized acoustic markers frame by frame (speckle tracking). This method has been used for noninvasive assessment of global and regional myocardial strain in the left and the right ventricle, avoiding the angular sensitivity of tissue Doppler echocardiography (5) . 4135 Figure (1) : Pathophysiology of cardiovascular disease in metabolic syndrome.
The Aim of this Study was to detect early diastolic dysfunction in the left ventricle in patients with metabolic syndrome by 2D speckle tracking echocardiography based on global longitudinal isovolumic relaxation strain rate ( SR IVR ).
PATIENTS AND METHODS
This prospective study was conducted between April 2017, and May 2018 on (100) subjects divided in to (75) metabolic syndrome patients referred to Al-Azhar University Hospital Outpatient Clinic for evaluation and treatment of hypertension and/or diabetes mellitus and (25) age and sex matched healthy volunteers as a control group. Approval of the ethical committee and a written informed consent from all the subjects were obtained.
Diagnosis of MS according to International Diabetes Federation (IDF) metabolic syndrome is defined as the presence of central obesity (was determined according to the IDF criteria (6) as the waist circumference ≥94 cm for men and ≥80cm for women) plus any two of the following four factors:  Low level of high-density lipoprotein (HDL) (or specific treatment for this lipid abnormality).  High triglycerides (or specific treatment for this lipid abnormality).  Arterial hypertension (or treatment of previously diagnosed hypertension).  Fasting hyperglycemia (or previously diagnosed diabetes).
The study population was divided into two groups: Group I (The patient group): Included 75 patients with characteristics metabolic syndrome (central obesity and at least two of four characteristics of MS according to the International Diabetes Federation (IDF) criteria.
Group II (Control Group): Included 25 healthy age and sex matched volunteers free from cardiovascular risk factors.
Exclusion criteria: It included patients with ejection fraction <55% or with symptoms or sign of heart failure, patients with known coronary artery disease, patients with significant valvular disease, patients with prosthetic mitral valve and patients with atrial fibrillation or other rhythm disturbances.
The following data were collected: A. Complete and detailed medical History: With attention to Hypertension, DM and family history of premature coronary artery disease. B. Full clinical examination including waist circumference, body surface area (7) , heart rate, rhythm, systolic, diastolic blood pressure, heart, and chest auscultation. c. Conventional echocardiographic Doppler study and 2D speckle tracking were performed using Philips iE33 X Matrix ultrasound machine using X5-1 matrix array transducers (Philips Medical Systems, Andover, USA).
Systolic function assessment a. Ejection fraction (EF%) and fractional shortening (FS%) were performed to evaluate LV systolic function by 2D echo. b. LVEDV and LVESV were calculated from the apical 2-and 4-chamber views using a modified biplane Simpson's method. c. Ejection fraction (EF%) was calculated as percentage changes of volumes of the left ventricle in diastole and systole. The LV ejection fraction (EF%) was automatically calculated as follows: (EF%) = (EDV-ESV)/EDV×100 (8) .
Diastolic function assessment LV diastolic function was evaluated using the four recommended variables for identifying diastolic dysfunction (9) (Figure 2 ).
FIGURE (2)
.Algorithm for diagnosis of LV diastolic dysfunction in subjects with normal LVEF .
Two-dimensional speckle tracking echocardiography (2D STE):
Longitudinal systolic strain and diastolc isovolumic relaxation strain rate was assessed in the 6 LV walls and the software algorithm automatically segmented the LV into 17 equidistant segments and each segment was analyzed separately. Global LV diastolic SRIVR obtained from averaging the peak values of 17 LV segments were calculated and used for comparisons between control and metabolic syndrome groups ( Figure 3 ). All variables in this study represent the mean value of measurements taken in 3 consecutive cardiac cycles. 
Statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY: IBM Corp). The Kolmogorov-Smirnov test was used to verify the normality of distribution Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level.
The used tests were F-test (ANOVA) for normally distributed quantitative variables to compare between more than two groups and Post Hoc test (Tukey) (LSD) for pair wise comparisons.
RESULTS

Regarding Demographic and Clinical data:
In the present study, there were no significant differences between the two groups as regards age and sex (Table  1 & Conventional echocardiography LA dimension, LVEDD, LV wall thickness and LV mass were significantly higher in the metabolic syndrome group than the controls, while there were no differences regarding FS, EF and LV mass index.
Furthermore, the diastolic function was more impaired in metabolic syndrome patients compared to the controls as evidenced by increasing E / E \ Ratio , LA volume index , TR jet velocity and decreasing E \ septal and E \ Lateral in the metabolic syndrome group (Table 3& 4 ). Twenty of 75 metabolic syndrome subjects (26.6%) did not meet criteria for diastolic dysfunction (normal diastolic function), 38(50.8%) subjects had Grade 1 diastolic dysfunction, 13 subjects (17.3%) had Grade 2 diastolic dysfunction and 4 (5.3%) had Grade 3 diastolic dysfunction (Figure 4) . 
2D-speckle tracking imaging A-Peak systolic strain %
Comparing the two groups as regard global longitudinal peak systolic strain was significantly lower in patients with metabolic syndrome compared with normal population (P < 0.001*) (Table 5& Figure 5) .
B-Strain Rate
Comparing the two groups as regard longitudinal isovolumic relaxation strain rate (SRIVR) was significantly lower in patients with metabolic syndrome compared with normal population (P < 0.001*) ( Table 6 & (1) . Strain (ε) is a measure of tissue deformation. As the ventricle contracts, muscle shortens in longitudinal and circumferential dimensions (a negative strain) and thickens or lengthens in radial direction (a positive strain). Strain rate (SR) is the local rate of deformation that measures the time course of deformation or strain per unit time (10) . In contrast to TDI, speckle tracking echocardiography is an angle-independent technique that allows an accurate assessment of segmental myocardial deformation by grey-scale based imaging analysis frame by frame. Moreover, the lack of angle-dependency is of great advantage as myocardial strain (ε) could be tracked in two dimensional echo imaging along the direction of the wall and not along the ultrasound beam (11) . The present study was designed to evaluate left ventricle diastolic functions in metabolic syndrome patients compared to control subjects using 2D-speckle tracking echocardiography based on global longitudinal isovolumic relaxation strain rate. The present study, showed that there was statistical significant difference between the two groups ( I & II ) as regard weight, body mass index (BMI), waist circumference, hip circumference (pvalue <0.001). Also, there was no statistical significant difference between the two groups (I & II ) as regard body surface area (p-value > 0.05).
Also, there was statistical significant difference between the two groups ( I & II ) as regard fasting plasma glucose , HDL-cholesterol and Fasting Triglycerides ( P-Value <0.001).
These findings were similar to Qin Wang and his colleagues (12) who studied early detection of regional and global left ventricular myocardial function, that shows no significant difference was observed among the groups regarding age, sex, heart rate. There were significant differences in W. circum., body mass index (BMI), BP, FPG, cholesterol, low density lipoprotein and triglycerides between MS. and the control groups.
In our study regarding diastolic dysfunction grade among metabolic syndrome group showed that first grade of diastolic dysfunction (impaired relaxation) was the most common disorder ( Figure  4) . Also we found that regarding number of characteristics of metabolic syndrome to the degree of diastolic dysfunction, we found the existence of relationship between the intensity of metabolic syndrome (rated by the number of coexisting characteristics of MS) and left ventricular diastolic dysfunction as a parameter of subclinical organ damage (figure 7). In addition, the positive correlation was found between the grade of diastolic dysfunction and central obesity (p<0.0001*), arterial hypertension (p<0.0001*), impaired glucose tolerance/diabetes (p<0.0063) and high level of triglycerides (p<0.0262) as the separate criteria. No statistically significant correlation was found between the grade of diastolic dysfunction and low level of HDL cholesterol (p=0.3325). These observations were similar to Davor and his colleagues (13) who studied left ventricular diastolic dysfunction in 72 patients (29 male and 43 female) patient with MS. There was a positive correlation between the number of characteristics of metabolic syndrome and the diastolic dysfunction grade (p<0.0001). The positive correlation was found between the grade of diastolic dysfunction and the waist circumference (p<0.0001), arterial hypertension (p<0.001), impared glucose tolerance/diabetes (P=0.0063), and hypertriglyceridemia (p=0.0262). A low level of high-density lipoprotein did not show a statistically significant correlation.
In our study, upon assessment of LV diastolic function by conventional and Doppler Echocardiography, We found that MS. was associated with preclinical LV diastolic dysfunction as reflected by higher LA volume index mL/m2 , lower E/A ratio, TR jet velocity >2.8 m/sec, reduced e \ septal and lateral wave and increased average E / e \ ratio in comparison to control group. These findings are compatible with the study of Nir et al. (14) who studied 90 participants with MS and without cardiovascular disease and 26 controls for preclinical LV diastolic dysfunction , shows that MS was associated with higher left atrial (LA) volume index d, higher LV mass, lower E/A ratio, and lower mean e \ (p < 0.001 for all) . In our study, upon assessment of LV diastolic function by 2D STE, it was confirmed that, impaired global longitudinal isovolumic relaxation strain rate in patients with metabolic syndrome with normal ejection fraction (EF) compared to control group with normal ejection fraction (EF) (0.24 ± 0.15 (s -1 ) vs. 0.38 ± 0.09 (s -1 ), P < 0.05). These findings were compatible with the study of Qin Wang et al. (12) who studied 39 metabolic syndrome subjects with normal ejection fraction and 39 control subjects of similar age and found that; significant differences were observed between MS and the control group in most of the parameters of Strain, SR (s -1 ), SRIVR (s -1 ) in LV function and shows that assessment of myocardial function using SRI could be more accurate in MS patient evaluation than conventional echocardiography alone.
These findings were similar to Hui-ping and his colleagues (15) who studied Impaired left ventricular systolic and diastolic function in patients with metabolic syndrome as assessed by strain and strain rate imaging in (200) patients with metabolic syndrome and (197) control subjects of similar age and found that; the mean systolic strain, SR-LVs and SR-LV ivr , were significantly decreased in MS. when compared with control subjects (all P < 0.001). LV systolic and diastolic functions were impaired in patients with metabolic syndrome even if they have normal LVEF. Strain and SR imaging would be a sensitive and feasible method to detect subclinical abnormalities in those populations.
In our study, Upon assessment of LV systolic function by conventional Echocardiography, it was confirmed by this study that, conventional echocardiography was not able to detect early abnormalities in LV systolic function as there was no significant difference between metabolic syndrome group and controls regarding LV ejection fraction (EF) and fractional shortening (FS).
These findings were similar to Qin Wang and his colleagues (12) who studied early detection of regional and global left ventricular myocardial function in (39) patients with metabolic syndrome and (39) control subjects of similar age and found that; There was no statistically significant difference between the two groups as regard LV ejection fraction (EF) and fractional shortening (FS).
In our study, Upon assessment of LV systolic function by 2D STE appears to be more sensitive than conventional echocardiography in identifying a reduction of intrinsic myocardial contractility, that shows impaired global longitudinal strain in These findings were compatible with the study of Alireza et al. (16) who studied 36 metabolic syndrome subjects with normal ejection fraction and 57 control subjects of similar age and found that; EF and fractional shortening were similar between both groups. Global longitudinal strain was significantly lower in patients with metabolic syndrome compared with normal population (−18.41 ± 2.40% vs. −21.2 ± 2.41%, P < 0.001).
CONCLUSION
In conclusion, the current study showed that, metabolic syndrome group have an associated abnormal left ventricle diastolic performance based on impaired global longitudinal isovolumic relaxation strain rate. Also, associated with abnormal left ventricle systolic performance based on impaired global longitudinal systolic strain despite normal LV EF% in this group.
So, patients with metabolic syndrome should be receive aggressive therapy to avoid occurrence of heart failure in the future.
STUDY LIMITATIONS
 Our study included subjects with different onset, severity, and treatment modalities of metabolic syndrome components. The small number of the study participants may have influenced our results.  Rapid events during the cardiac cycle (e.g. isovolumic phases) may disappear altogether, and peak strain rate (SR) may be reduced due to under-sampling, especially in isovolumic phases and in early diastole. Higher frame rates could reduce the under-sampling problem, although this will result in a reduction of spatial resolution and consequently, less optimal ROI tracking.  Strain, Strain rate (SR) and conventional echo Doppler measurements were not measured at the same cardiac cycle; but meticulous care was done to take measurements at cycles with nearly equal R-R interval.  All subjects in our study did not have any signs or symptoms of angina and had normal findings on electrocardiogram and on 2-D Echocardiography, we could not completely exclude asymptomatic coronary artery disease.
